Abstract. Occupational musculoskeletal disorders in the upper limbs and its consequences on the impact and prevalence in the work force are subject of many investigations in almost all the production fields. However, the exposure to this kind of risk factor on urban gardeners has not been well studied so far. The kind of plant varieties used in the parks, the tools that they use, as much as the necessary actions for the maintenance of the park, have an impact on the biomechanical overload of the upper limbs. Additionally, the analysis of the exposure to the biomechanical overload on upper limbs in gardening work is a complex task, mainly because it is an activity highly variable and of annual cycle. For this reason an analytical model for risk exposure evaluation is necessary. During this research the work activity of 29 gardeners in 3 urban parks of Barcelona has been analyzed. Each park has a specific acting plan, in relation with the quantity and the typology of vegetal species, its classification and the season of the year. Work and observation and video recording sessions on-site were conducted. The video-graphic registration was done on workers without any prior musculoskeletal disorder and with a minimum labour experience of 5 years. Moreover, the analysis of saturation time, considered as the relation of the repetitive working hours in reference with the hours of effective work was done. Using the registered tasks on video, the biomechanical overload on upper limbs applying the OCRA Checklist method was analyzed. Results: A methodological procedure to analyze the risk exposure in annual working cycle has been proposed. The results that we got allow us to get information that can help in the assignment of the tasks and in the training of staff, as well as in the recommendations of the urban landscape's design. All these aspects have the goal to decrease the risk to develop work-related musculoskeletal disorders
Introduction
The concept of garden as a space where to cultivate plants is probably as ancient as human settlements, even though for many centuries it was used more as a status symbol, in order to show ones power and wealth. We have clear examples of this in Europe, dating as far back as the Renaissance. The concept of garden as a place for the entertainment of senses is without any doubt more recent. Since the beginning of XX century gardens are an integrative part of the city.
The landscape gardening is a new discipline of the urban agriculture (an agricultural practice that is made inside or on the outskirts of an urban area). This kind of gardening is based on the cultivation of plants, as an ornamental function; the economic goal is not as important as in the traditional agriculture. Some examples of spaces used for the landscape gardening are public and private parks, courtyard and gardens.
The urban gardening is a practice that grew significantly in the last couple of years, due to an increase in the quality of life and to a higher environmental consciousness. The International Health Organization recommendation for the cities is to dispose a minimum of 10 to 15 m2 of green space per habitant. In the last years, the surface of green areas in Barcelona has increased about 12%, and today it gets an actual ratio of 17,3 m2 per habitant of green and natural areas.
Gardeners take care of the grass and of the plantation of various kinds of plants annually (plants for garden) and of the plantation and the maintenance of bushes and trees [1] . This kind of tasks makes gardening an activity where the labour force is a real important and essential component.
The kind of works that gardening requires in a park can vary according to the period of the year and the vegetal status of the plants. In this research we present the characterization of the exposure to the biomechanical overload in upper limbs during the annual cycle of the gardeners that are in charge of the maintenance of three parks in the city of Barcelona.
Methodology
In this research we analyzed the activity of a total of 29 gardeners that are in charge of the maintenance of 3 urban parks of Barcelona (see Table 1 ), in a range of age between 20 and 55 years old (see Table  2 ).
The working day of the gardeners is 7 hours, from 8.00 to 15.00.
They have a break for half an hour, between 10.00 and 10.30. The time that they use to move through the park to get the working place is approximately 15 minutes at the beginning of the day, and 15 minutes at the end of the day.
They work 5 days per week, from Monday to Friday, for a total of 35 hours per week and 1549 hours per year.
Park A has a surface of 17,43 hectares and it has a large grass area and big walk paths; park B has a surface of 3,16 hectares and it is rich of parterres with rosebushes; park C has a surface of 1,65 hectares and is rich of big hedges, vegetables and bindweeds. Once the necessary administrative permissions to develop the research have been obtained, interview with people in charge of each park was contacted in order to explain the goal of this study and the content of the working sessions on-site. All of them accepted to collaborate and gave us their complete consent. Thanks to interviews conducted on the participants in charge of the organization of each park, information about working organization, assignment of tasks amongst the group of gardeners and temporal planning were collected.
Working sessions on-site were made: an industrial engineer with a previous training observed and registered the labour activities on video. Workers with no musculoskeletal disorders and with a minimum working experience of 5 years were selected for video registering.
A video registration of a minimum of 10 minutes with non-stop was made for each task, even if the work was really repetitive, in order to be sure to represent a high number of postures and movements that they require during their job. For each task, a minimum of three different workers were registered with the goal to identify the more frequent working habits.
Planning of the working sessions on-site was organized with the person in charge of the work of each park with the main goal to observe different tasks or conditions. The planning was altered in many occasions, due to meteorological reasons, to machines or tools' availability and to the change of organizational requirements.
In fact, the bad meteorological conditions can cause the change of some programmed tasks. For example, when it rains, they work on tools' cleaning task; when there is strong wind, they remove fallen trees and when it snows, they remove the snow from the points of access to the park. In our research we did not take in consideration these unplanned tasks.
Once the tasks were defined, the filming files were edited in order to finally get video-archives that could represent each activity with duration of approximately 1 minute.
Using these videos, the analysis of the biomechanical overload in upper limbs, applying the OCRA Checklist method [2] was done. The Checklist method [2] was done. The application of this method to similar activities as agriculture has been published in some papers [3, 4] .
In reference to the information related with the time of exposure to each one of the tasks, we extracted them from the daily register that the manager of each park prepares. In order to characterize the exposure of a whole year, we used the register of the year 2009.
Results
Each park is associated with a specific action plan, according to the quantity and the typologies of vegetal species, its classification and the year season.
In tables 3, 4, 5 the hours per month that the gardeners dedicate to each task for every park are shown.
Due to the variability of the work planning, it was not possible to shoot all the tasks, which have been accomplished during the year. However, the tasks that we analyzed represent the 80% of the working time during the year (See Table 6 ). In Table 7 , the temporal representation of the tasks analyzed over the time of exposure to repetitive work by each month is shown.
Moreover, we also did the analysis of saturation time, considered as the relation of the repetitive working hours in reference to the effective working hours (see Table 8 ). The un-saturation is due mainly to the time of training, sick leaves, permits, union activities and rain. In the same table the net time of repetitive work is shown, which corresponds to the time of effective work minor the dedication at no repetitive tasks [5] , such as to pick up or to transport sacks, supervision, planning, moving from one place to the other, etc.
For each task the intrinsic risk level, considered as the risk level that a worker would have if he/she was exposed to the task for 420 minutes per day, for the duration of all working days was determined (see Table 9 ). . As demonstrated in this table, for some tasks, some variants were defined. These variants are conditions that had different effects on the upper limbs, depending from the kind of requirements. For example, the requirement to clear a group of plants is really different from clearing the edges of a parterre.
After this, the monthly risk value was calculated as the arithmetic average of the intrinsic risk values of each task, weighted by the exposure time to each of them.
As the exposure time information for each of the identified variants was not available, the monthly risk value was enclosed in the value ranges. The maximum value matches the arithmetic average, weighted by the time, considering the variants with maximum intrinsic risk values. The minimum value matches the arithmetic average weighted by the time considering the variants of each task with minimum intrinsic risk values. 
Discussion
The work of urban gardening is an activity that, even though it is accomplished in many cases with the support of machines and tools, it is intensively manual and characterized for repetitive tasks.
The kind of tasks that they have to accomplish and the necessary time that they dedicate to them follow an annual cycle pattern, marked by the vegetal cycle, similar to the major part of agriculture jobs in warm geographical areas, where the climate is distinguished by four seasons.
The major part of the tasks accomplished during the year requires a high biomechanical overload in the upper limbs; this causes significant risk to develop work-related musculoskeletal disorders.
In spite of the fact that all the kinds of gardening tasks are similar in all the parks, the features of the landscape design create differences in the necessary time of dedication to each task.
These differences in the temporal exposure pattern create the differences between the exposure risk levels between each park (see Figure 4) . As noted in this figure, park A requires less requirements in the right upper limb than park C. The main reason of this is that in park A they dedicate a high percentage of time on grass maintenance, which is a task with less requirements, as they use machines that help to keep adequate postures. In park C, on the other hand, they use a higher percentage of time on the maintenance of hedges and bushes, a task where they need a higher movement frequency and more unnatural postures.
Conclusions
From this pilot study conducted in three urban parks in Barcelona, it can be concluded that urban gardening tasks have a high level of requirements in the upper limbs. For this reason it is highly possible that a significant part of the working population will develop musculoskeletal disorders.
The analysis of the exposure to the biomechanical overload on upper limbs in gardening works is a complex task, mainly because it is an activity with a high percentage of variability and with annual cycle.
In this research we presented a methodology of analysis that allows us to get interesting information with the aim to create organizational measures related to the assignment of tasks, to the training of staff and to the recommendations of urban landscape design.
It is possible that if this research is extended to a higher number of parks with different design features, an analysis and simulation frame can be obtained, which can be useful to orientate organization and landscape design decisions in order for its maintenance.
